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tion confidence levels. The method turther comprises decod-
ing frames by processing the decoded symbols, and obtaining
data from the decoded frames, wherein the data 1s to be
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APPARATUS AND METHOD FOR
ESTIMATING SYMBOL TIMING OFFSET

This application claims the benefit of Indian Patent Appli-
cation Serial No. 2851/CHE/2014 filed Jun. 11, 2014, which

1s hereby incorporated by reference 1n 1ts entirety.

FIELD

The present subject matter relates to wireless communica-
tion systems, and, particularly but not exclusively, to estimat-
ing symbol timing offset 1in wireless communication net-
works.

BACKGROUND

A high-speed environment, in which the user equipment
(UE) moves at speeds of two hundred kilometers per hour or
more, poses a great challenge for mobile communications.
The Doppler Effect and quick handover are the toughest
problems to deal with. The higher the speed 1s, the worse the
elfects are.

When the UE 1s 1n movement, the frequency of signals at
the receiver end will change. This 1s commonly known as the
Doppler Effect. The frequency change 1s referred to as the
Doppler shift and its effect is observed on both the NodeB and
the UE. The Doppler shiit can degrade communication qual-
ity, and even induce service interruption. The Doppler Eil

ect
1s especially cumbersome 1n a high-speed environment.

In modulation coherence adopted by the NodeB, the carrier
used for demodulation must be operating on the same ire-
quency and phase as that of the signal carrier. Frequency shiit
caused by the Doppler Effect, which, in some cases, may be as
much as 750 Hz 1n the uplink, clearly has a deleterious eil

ect
on demodulation performance and further adversely atiects
service access, system capacity and coverage.

SUMMARY

Disclosed herein are apparatus and methods for estimating,
symbol timing offset in wireless communication networks. In
one example, the apparatus for estimating symbol timing
offset 1n wireless communication networks

In an aspect of the mmvention, the method for estimating
symbol timing oifset in wireless communication networks
comprises converting a recerved signal into digital samples
and decoding symbols from the digital samples based on
estimation of symbol timing offsets (STO), cyclic prefix (CP)
correlation peaks and CP correlation confidence levels. The
method further comprises decoding frames by processing the
decoded symbols, and obtaining data from the decoded
frames, wherein the data 1s to be forwarded to applications of
the communication unit.

In another aspect of the mvention, a communication unit
(also referred to as the apparatus) for estimating symbol tim-
ing oifset, wherein the communication unit 1s coupled to at
least one of an 1nbuilt processor and an external processor,
and wherein the communication unit comprises a memory
communicatively coupled to at least one of the 1nbuilt pro-
cessor and the external processor, wherein the memory stores
processor-executable instructions, which, on execution,
cause the communication unit to convert a received signal
into digital samples, decode symbols from the digital samples
based on estimation of symbol timing offsets (STO), cyclic
prefix (CP) correlation peaks and CP correlation confidence
levels, decode frames by processing the decoded symbols,
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2

and obtain data from the decoded frames, wherein the data 1s

to be forwarded to applications of the communication unit.
It 1s to be understood that both the foregoing general

description and the following detailed description are exem-

plary and explanatory only and are not restrictive of the inven-
tion, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

-

The accompanying drawings, which are incorporated 1n
and constitute a part of this disclosure, illustrate exemplary
embodiments and, together with the description, serve to
explain the disclosed principles. In the figures, the left-most
digit(s) of a reference number 1dentifies the figure 1n which
the reference number first appears. The same numbers are
used throughout the figures to reference like features and
components. Some embodiments of system and/or methods
in accordance with embodiments of the present subject matter
are now described, by way of example only, and with refer-
ence to the accompanying figures, in which:

FIG. 1 1llustrates a network environment incorporating an
apparatus for estimating symbol timing offset 1n wireless
communication networks, according to some embodiments
ol the present subject matter.

FIGS. 2, 3, and 4 1illustrate exemplary computer imple-
mented methods for estimating symbol timing offset in wire-
less communication networks, according to an embodiment
of the present subject matter.

FIG. 51s ablock diagram of an exemplary computer system

for implementing embodiments consistent with the present
disclosure.

It should be appreciated by those skilled 1n the art that any
block diagrams herein represent conceptual views of illustra-
tive systems embodying the principles of the present subject
matter. Stmilarly, it will be appreciated that any flow charts,
flow diagrams, state transition diagrams, pseudo code, and
the like represent various processes which may be substan-
tially represented in computer readable medium and executed
by a computer or processor, whether or not such computer or
processor 1s explicitly shown

DETAILED DESCRIPTION

In the present document, the word “exemplary” 1s used
herein to mean “serving as an example, instance, or illustra-
tion.” Any embodiment or implementation of the present
subject matter described herein as “exemplary” 1s not neces-
sarily to be construed as preferred or advantageous over other
embodiments.

Apparatus and methods for estimating symbol timing ofl-
set 1n wireless communication networks are described herein.
The systems and methods may be implemented 1n a variety of
computing systems. The computing systems that can 1mple-
ment the described method(s) include, but are not limited to a
smart phone, a mobile device, a personal digital assistant, a
tablet, a multimedia device, an electronic book (e-book)
reader, a gaming console and 1n a mobile computing environ-
ment. Although the description herein 1s with reference to
certain computing systems, the systems and methods may be
implemented 1n other computing systems, albeit with a few
variations, as will be understood by a person skilled in the art.

Conventionally, the Universal Mobile Telecommunica-
tions System (UMTS) UMTS network 1s designed in such a
way that all transmitters use one and the same carrier ire-
quency. A UE that moves through the network has to be able
to receive signals from different transmitters, and be able to
discriminate between them. This has been described 1n the
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3rd Generation Partnership Project (3GPP) international
standard. In this standard, stern demands are set to the syn-
chronization of the UMTS transmitters. By this movement,
UMTS comphant UEs experience a Doppler shift while
receiving the UMTS signals.

Moreover, there 1s an analogy between the bad synchroni-
zation 1n the transmitter and the mobile movement. The first
phenomenon modifies the carrier frequency sent. In the sec-
ond case, the Doppler Effect changes the received carrier
frequency. The channel modifies the spectrum of the signal
and this can have the same effect as a failure of synchroniza-
tion 1n the Base Station (BS). Both phenomena create the
same problem 1n the signal reception: a frequency shaift.

The UMTS signal experience different phenomena during,
the travel from the transmitter to the receiver. These different
elfects such as Fading, Doppler shift or AOA (Angle of
arrival) of the different multipath components have intluence
on the receirved frequency.

Moreover, when the UE 1s at variable speed (i.e., acceler-
ating or decelerating), the Doppler Effect would vary to up to
some maximum deviation (both sides) depending on the
speed of the UE. As would be evident to the readers, the
direction of the movement of UE with respect to the base
station would decide the positive or negative Doppler. This
Doppler Effect causes the local oscillator (LO), which 1s
typically implemented using a Numerical Controlled Oscil-
lator (NCO), frequency to be misaligned with the Doppler
infected recerved frequency. This misalignment cause ire-
quency olfset

Similarly Symbol Timing Offset (STO) 1s generated since
the recetved frames at UE would arrive a slightly earlier (if the
UE 1s moving towards base station) or a slightly later (1f the
UE 1s moving away from the base station). The time period by
which frame would be recerved earlier or later depends on the
speed and direction of the UE with respect the base station.
Abrupt changes 1n speed has a still adverse impact on frame
arrival timing recovery compared to constant speed UE as the
prediction on next frame timing could not be estimated accu-
rately enough due to abrupt change in speed.

The present subject matter discloses apparatuses and meth-
ods for estimating symbol timing offset in wireless commus-
nication networks. The principles of the present subject mat-
ter are described with the help of an example 1n which a UE 1s
travelling at high speeds. The present subject matter describes
an 1improved UE which 1s capable of predicting the possible
symbol timing offset based on the movement information of
the UE and perform compensation for the determined oflset
to minimize frame sync loss.

In one example, the methods for estimating symbol timing,
offset in wireless communication networks, as described in
this subject matter, are implemented using a communication
unit which may be incorporated 1n any new or existing UE.
The communication unit 1s also interchangeably referred to as
an apparatus for estimating symbol timing offset 1n wireless
communication networks.

In one example, the apparatus, for estimating symbol tim-
ing offset 1n wireless communication networks, receives a
signal and converts the signal 1nto digital samples. The appa-
ratus thereafter decode symbols from the digital samples,
based on based on estimation of symbol timing offsets (STO),
cyclic prefix (CP) correlation peaks and CP correlation con-
fidence levels.

In one example, the process of decoding symbols from
digital samples mvolves the apparatus to ascertain whether
symbol tracking 1s enabled. On determining symbol tracking
to be enabled, the apparatus calculates symbol timing offset
(STO) estimates per symbol. Thereafter, the apparatus per-
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forms perform symbol timing adjustments based on the STO
estimates and estimates CP correlation peaks and CP corre-
lation confidence level

On completion of the decoding of symbols, the apparatus
decode frames by processing the decoded symbols and obtain
data from the decoded frames. Thereafter, the apparatus pro-
vides the data to one or more applications. Thus, the apparatus
provides for predicting the possible symbol timing offset due
to the movement an UE and performs adequate compensation
for the determined offset to minimize frame sync loss. The
apparatus addresses the issue of symbol timing offset and
provides a mechanism to facilitate communication in fast
moving UEs.

The working of the apparatuses and methods for estimating,
symbol timing offset in wireless communication networks 1s
described 1n greater detail in conjunction with FIG. 1-.5. It
should be note that the description and drawings merely 1llus-
trate the principles of the present subject matter. It will thus be
appreciated that those skilled 1n the art will be able to devise
various arrangements that, although not explicitly described
or shown herein, embody the principles of the present subject
matter and are included within its spirit and scope. Further-
more, all examples recited herein are principally ntended
expressly to be only for pedagogical purposes to aid the
reader 1n understanding the principles of the present subject
matter and are to be construed as being without limitation to
such specifically recited examples and conditions. Moreover,
all statements herein reciting principles, aspects, and embodi-
ments of the present subject matter, as well as specific
examples thereof, are intended to encompass equivalents
thereof. While aspects of the systems and methods can be
implemented 1n any number of different computing systems
environments, and/or configurations, the embodiments are
described 1n the context of the following exemplary system
architecture(s).

FIG. 11llustrates anetwork environment 100 incorporating,
an apparatus or a user equipment (UE) 102 for estimating
symbol timing offset in wireless communication networks,
according to some embodiments of the present subject matter.
In one implementation, the UE 102 may be implemented as a
smartphone, a mobile phone, a gaming console, a multimedia
device, a personal digital assistant, a tablet, an electronic
book (e-book) reader, and so on. The UE 102 may also
include other portable computing devices which are capable
of communicating with cellular networks.

In one implementation, the UE 102 includes a processor
108, a memory 110 coupled to the processor 108 and inter-
taces 112. The processor 102 may be implemented as one or
more microprocessors, microcomputers, microcontrollers,
digital signal processors, central processing units, state
machines, logic circuitries, and/or any devices that manipu-
late signals based on operational istructions. Among other
capabilities, the processor 102 1s configured to fetch and
execute computer-readable instructions stored 1n the memory
110. The memory 110 can include any non-transitory com-
puter-readable medium known in the art including, for
example, volatile memory (e.g., RAM), and/or non-volatile
memory (e.g., EPROM, flash memory, etc.).

The interface(s) 112 may include a variety of software and
hardware 1nterfaces, for example, a web interface, a graphical
user interface, etc., allowing the UE 102 to interact with other
computing devices. Further, the interface(s) 112 may enable
the UE 102 to communicate with other computing devices,
The interface(s) 112 can facilitate multiple communications
within a wide variety of networks and protocol types, includ-
ing wired networks, for example LAN, cable, etc., and wire-
less networks such as WLAN, cellular, or satellite. The inter-
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face(s) 112 may include one or more ports for connecting a
number of devices to each other or to another server.

In one example, the UE 102 includes modules 114 and data
116. In one embodiment, the modules 114 and the data 116
may be stored within the memory 110. In one example, the
modules 114, amongst other things, include routines, pro-
grams, objects, components, and data structures, which per-
form particular tasks or implement particular abstract data
types. The modules 114 may also be implemented as, signal
processor(s), state machine(s), logic circuitries, and/or any
other device or component that manipulate signals based on
operational instructions. Further, the modules 114 can be
implemented by one or more hardware components, by com-
puter-readable instructions executed by a processing unit, or
by a combination thereof.

In one implementation, the modules 114 further include a
Numerical Controlled Oscillator (NCO) 118, a sampler 120,
a mixer 122, a serial to parallel (STP) converter 126, a frame
synchronizer 124, a frequency domain converter 128 and an
equalizer 130. In one example, the frame synchronizer 124
comprises ol two sub-modules namely the correlation peak
(CP) detector 132 and the movement, speed & STO estimator
(MSSE) 134. The UE 102 may also include other modules
(not shown 1n figure). The other modules may perform vari-
ous miscellaneous functionalities of the UE 102. It will be
appreciated that such atforementioned modules may be rep-
resented as a single module or a combination of different
modules.

In one example, the data 116 serves, amongst other things,
as a repository for storing data fetched, processed, recerved
and generated by one or more of the modules 114. In some
embodiment, the data 116 may be stored in the memory 110
in the form of various data structures. Additionally, the afore-
mentioned data can be organized using data models, such as
relational or hierarchical data models. The data 116 may be
used to store data, including temporary data and temporary
files, generated by the modules 114 for performing the vari-
ous functions of the UE 102.

In one example, the US 102 1s capable of establishing
connection with a cellular network represented by 1its base
station 136. A cellular network (also referred to as a mobile
network) 1s a wireless network distributed over land areas
called cells, each served by at least one fixed-location trans-
ceiver, known as a cell site or base station. In the cellular
network, each cell uses a different set of frequencies from
neighboring cells, to avoid interference and provide guaran-
teed bandwidth within each cell. The cellular network may
adhere to various standards and protocols, such as Long Term
Evolution (LTE) and 3GPP.

In operation, the UE 102 1s in motion with respect to the
base station 136. The motion may be towards the base station
136 as indicated by the arrow 138 or may be away from the
base station as indicated by the arrow 140. The motion may be
moving at a umiform speed or may be at a varying speed, 1.¢.,
the UE 102 may be accelerating or decelerating at a uniform
Or varying rate.

In one implementation, the UE 102 recerves the signal from
the base station 136. The received signal 1s mixed with the NC
oscillator 118. NCO may be understood to be a digital signal
generator which creates a synchronous (1.e. clocked), dis-
crete-time, discrete-valued representation of the signal and 1s
used 1n conjunction with a digital-to-analog converter (DAC)
at the output to create a direct digital synthesizer. In one
example, the mixer 122 mixes the received signal with the
local oscillator to generate the intermediate frequency signal
which can be used to decode the data 1n the recerved signal.
The sampler 120 samples the received signal. In one example,
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the signal may be passed through a low pass filter to facilitate
the sampling. In one example, the frame synchronizer 124
maintains an estimation of symbol timing offset for subse-
quent frames based on the prior frame’s symbol timing ofi-
sets. This estimation 1s further used to correct the symbol
timing oifset ol current symbol. As mentioned earlier, the
frame synchronizer 124 comprises the CP detector 132 and
the MSSE 134. The CP detector 132 performs CP autocorre-
lation to generate the CP correlation peaks and then generates
the CP correlation confidence level. The MSSE 134 module
generates the estimates of the STO based on the movement
speed of the UE 102 and based frames estimates value. The
detailed working of the frame synchronizer 124 and its com-
ponents 1s elaborated below.

In operation the process of decoding symbols from digital
samples 1nvolves ascertaining whether symbol tracking 1s
enabled. In one example, the MSSE 134 determines whether
the symbol tracking 1s enabled. Thereafter, the MSSE 134
calculates STO estimates per symbol on determining symbol
tracking to be enabled. Thereaiter, the CPD 132 performs
symbol timing adjustments based on the STO estimates and
estimates the CP correlation peaks and CP correlation confi-
dence level.

In operation, the MSSE 134 received the CP correlation
peaks and the CP correlation confidence level from the CP
Detector 132. If the CP Correlation Confidence Level 1s
greater than the pre-configured threshold, the MSSE 132
computes the timing interval of the CP correlation Peaks and
the timing interval of the expected location of CP correlation
peaks based on the first CP correlation peak. In some 1imple-
mentations, the MSSE 134 may base the computation of the
timing interval of the previous stored frames. The difference
between the timing 1nterval of the CP correlation Peaks and
the timing interval of the expected location of CP correlation
peaks enables the MSSE 134 to determine the acceleration or
the deceleration of the UE 102. The MSSE 134 may also
determine an average estimate and can be used to predict the
new set of STO estimates based on the difference between the
timing interval of the CP correlation Peaks and the timing
interval of the previous stored frames. If the speed of the UE
102 1s above a certain threshold (say 350 kilometers per hour),
the MSSE 134 may enable symbol tracking. The MSSE 134
forwards the symbol tracking enabled and the STO estimates
to the CP detector 132.

On recerving the symbol tracking enabled and the STO
estimates, the CP detector 132 uses the STO estimate to
perform CP autocorrelation to generate symbol timing. The
CP detector 132 will generate the synchromization signals and
provide symbol timing to a frame decoder (not shown in
figure) of the UE 102. The frame decoder may be specifically
a PSS/SSS (primary synchronization signals/secondary syn-
chronization signals) frame decoder which decodes the pri-
mary and secondary synchronization signals.

Thereatter, the CP detector 132 performs the estimation of
the CP correlation peak. The CP auto-correlation values may
vary based on various factors, such as the interference level of
the radio channel, the signal to noise ratio (SNR) of the
received signals, the transmissions carried out to other UEs
and so on. For example, the number of peaks would be more
in case ol high transmissions to other UEs 102. These peaks
would show high maximum or minimum delta 1n case of high
SNR but 1t would show a low delta 1n case of low SNR.
Similarly 1n case of high interference levels, the delta 1s going
to be low.

In one example, the CP detector 132 implements adaptive
technique 1n the following way. The CP detector 132 tracks
the high values of the maximum and/or minimum deltas and
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stores the same 1n the memory (for example as data 116) at
periodic intervals. These delta values change based on the
factors mentioned earlier. Based on the range of the delta
values, the threshold values may be adjusted by the CP detec-
tor 132. For example 11 the delta 1s high and number of peaks
1s within a reasonable number, say twenty five, then threshold
can be set at higher end of maximum value. Similarly 11 the
delta 1s low and number of peaks 1s excessively more than the
average number then the processing of the frame can skipped.
Other conditions are mentioned 1n form of Table 1 below:

TABL

(L]

1

Condition Eftect on Threshold

Delta is medium and  Threshold is set around maximum value
number of peaks 1s at
around average value
Delta 1s medium and
number of peaks is
slightly more than

the average value

a) If the previous location of reference 1s known
with >80% confidence then the threshold 1s set to
include those positions

b) If the previous location of reference 1s known
with <40% confidence then the threshold 1s set
after following:

a. In case a pattern 1s found with >=50%
then the threshold is set to include all
these peaks

b. In case the pattern i1s found with <50%
confidence then the processing of the
frame 1s skipped

c. For the rest of the cases, peak patterns at
slot interval are to be extensively
searched and threshold is set to cover
average number of peaks.

In one example, the CP detector 132 may derive the con-
fidence parameter based on the historical statistic from pre-

vious 100 frames. The CP detector 132 estimates the CP
Correlation confidence level as per Table 2 below:

TABL

(L.

2

CP Correlator

Confidence level Process

<40%: a) Window 1s set at maximum value till
the confidence level exceeds 40%
>40%: a) A sliding window is used

b) Each time there 1s an increase in CP
correlator confidence level, the window
size 18 decreased

C) If the CP correlator confidence level

does not cross 80% mark with a pre-

defined time period of T seconds, then
the window size 1s reverted back to
maximum value

It will be appreciated by the reader that the values 40%,
80%, 100 previous frames have been used as an example and
the present subject matter may be implemented with other
values as well.

On completion of the decoding of symbols, the STP con-
verter 126 converts the received samples from serial to par-
allel, based on the number of carriers, to which 1t may belong.
The FD converter 128 converts the symbols into frequency
domain for further processing. Based on the processing the
frames are decoded from the symbols to obtain the data from
the frames. In some 1mplementations, the equalizer 130 per-
forms the equalization to decode the actual data bits from the
decoded frames. Thereafter, the equalizer 130 provides the
data to one or more applications of the UE 102.

Thus, the UE 102 provides for predicting the possible
symbol timing offset due to the movement the UE 102 and
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performs adequate compensation for the determined offset to
minimize frame sync loss. The UE 102 addresses the 1ssue of
symbol timing offset and provides a mechanism to facilitate
communication in fast moving UFE:s.

Thus, the present subject matter facilitates estimating sym-
bol timing offset 1n wireless communication networks. The

detailed working of the UE 102 for estimating symbol timing
offset 1 wireless communication networks 1s further
explained 1n conjunction with the FIGS. 2-5.

FIG. 2, 3, 4 1illustrate exemplary computer implemented
methods 200, 300, and 400 respectively for estimating sym-
bol timing offset 1 wireless communication networks,

according to an embodiment of the present subject matter.
The methods 200, 300, and 400 may be described 1n the

general context of computer executable nstructions. Gener-
ally, computer executable instructions can include routines,
programs, objects, components, data structures, procedures,
modules, and functions, which perform particular functions
or implement particular abstract data types. The methods 200,
300, and 400 may also be practiced 1n a distributed computing
environment where functions are performed by remote pro-
cessing devices that are linked through a communication
network. In a distributed computing environment, computer
executable instructions may be located 1n both local and
remote computer storage media, including memory storage
devices.

The order in which the methods 200, 300, and 400 1s
described 1s not intended to be construed as a limitation, and
any number of the described method blocks can be combined
in any order to implement the methods 200, 300, and 400 or
alternative methods. Additionally, individual blocks may be
deleted from the methods 200, 300, and 400 without depart-
ing from the spirit and scope of the subject matter described
herein. Furthermore, the methods 200, 300, and 400 can be
implemented in any suitable hardware, software, firmware, or
combination thereof.

With reference to method 200 as depicted in FIG. 2, as
shown 1n block 202, a signal 1s received by the UE 102 from
a base station. In one example, the antenna of the UE 102
received the signal.

As 1llustrated i block 204, the signal 1s converted into
digital samples. In one example, the recerved signal 1s mixed
with the NC oscillator 118. The sampler 120 then samples the
received signal. In one example, the signal may be passed
through a low pass filter to facilitate the sampling. Thereatter,
the signal 1s converted to digital samples by the sampler 120.

As depicted 1n block 206, symbols are decoded from the
digital samples, based on based on estimation of symbol
timing oilsets (STO), cyclic prefix (CP) correlation peaks and
CP correlation confidence levels. In one example, the frame
synchronizer 124 decodes the symbols from the digital
samples, based on based on estimation of symbol timing
offsets (STO), cyclic prefix (CP) correlation peaks and CP
correlation confidence levels.

At block 208, the frames are decoded by processing the
decoded symbols. In one example, the processing 1s done by
the STP converter 126 and the FD converter 128. The STP
converter 126 converts the received samples from serial to
parallel, based on the number of carriers, to which 1t may
belong. The FD converter 128 converts the symbols into
frequency domain for further processing. Based on the pro-
cessing the frames are decoded from the symbols.

As shown 1n block 210, data 1s obtained from the decoded
frames. In one example, the equalizer 130 performs the equal-
ization to decode the actual data bits from the decoded
frames.
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As depicted 1n block 212, the data 1s provided to one or
more applications of the UE 102. In one example, the equal-
izer 130 forwards the data to various applications installed or
running on the UE 102.

With reference to method 300 as depicted 1n FIG. 3, as
shown 1n block 302, ascertain whether symbol tracking 1s
enabled. In one example, the MSSE 134 determines whether
the symbol tracking 1s enabled.

As 1llustrated 1 block 304, STO estimates per symbol 1s
calculated on determining symbol tracking to be enabled. In
one example, the MSSE 134 calculates STO estimates per
symbol on determining symbol tracking to be enabled.

As depicted 1n block 306, symbol timing adjustments 1s
performed based on the STO estimates. In one example, the
CPD 132 performs symbol timing adjustments based on the
STO estimates.

At block 308, CP correlation peaks and CP correlation
confidence level are estimated. In one example, the CPD 132
estimates the CP correlation peaks and CP correlation contfi-
dence level.

With reference to method 400 as depicted 1n FIG. 4, as
shown 1n block 402, the movement of the UE 102 1s detected.
In one example, the MSSE 134 determines the movement of
the UE 102. In some embodiments, the MSSE 134 may deter-
mine the movement of the UE 102 based on inputs from the
Global Positioning System (GPS) chip or module of the UE
102.

As depicted 1n block 404, 1t 1s determined whether the CP
correlation confidence level 1s above a pre-defined threshold.
In one example, the MSSE 134 determines whether the CP
correlation confidence level 1s above the pre-defined thresh-
old.

It at block 404 1t 1s determined that the CP correlation
confidence level 1s above the pre-defined threshold, then as
illustrated 1n block 406, it 1s determined whether the speed of
the UE 1s above a pre-defined threshold. In one example, the
MS SE 134 determines whether the speed of the UE above a
pre-defined threshold.

If at block 408, 1t 1s determined that the speed of the UE
above a pre- deﬁned threshold, then at block 408 symbol
tracking 1s enabled. In one example, the MSSE 134 enables
the symbol tracking.

If at block 404 it 1s determined that the CP correlation
confidence level 1s below the pre-defined threshold or 1t at
block 408, 1t 1s determined that the speed of the UE below the
pre-defined threshold, then as depicted 1n block 410, the UE
102 waits for next frame decoding.

Computer System

FI1G. 51s ablock diagram of an exemplary computer system
for implementing embodiments consistent with the present
disclosure. Vanations of computer system 501 may be used
for implementing any of the devices presented in this disclo-
sure. Computer system 501 may comprise a central process-
ing unit (“CPU” or “processor”) 502. Processor 502 may
comprise at least one data processor for executing program
components for executing user- or system-generated
requests. A user may include a person, a person using a device
such as such as those included 1n this disclosure, or such a
device 1tself. The processor may include specialized process-
ing units such as integrated system (bus) controllers, memory
management control units, floating point units, graphics pro-
cessing units, digital signal processing units, etc. The proces-
sor may include a microprocessor, such as AMD Athlon,
Duron or Opteron, ARM’s application, embedded or secure
processors, IBM PowerPC, Intel’s Core, Itanium, Xeon, Cel-
eron or other line of processors, etc. The processor 502 may
be 1mplemented using mainframe, distributed processor,
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multi-core, parallel, grid, or other architectures. Some
embodiments may utilize embedded technologies like appli-
cation-specific integrated circuits (ASICs), digital signal pro-
cessors (DSPs), Field Programmable Gate Arrays (FPGAs),
etc.

Processor 502 may be disposed in communication with one
or more mput/output (I/0) devices via I/O interface 503. The
I/O mterface 503 may employ commumnication protocols/
methods such as, without limitation, audio, analog, digital,
monaural, RCA, stereo, IEEE-1394, serial bus, universal
serial bus (USB), infrared, PS/2, BNC, coaxial, component,
composite, digital visual interface (DVI), high-definition
multimedia interface (HDMI), RF antennas, S-Video, VGA,
IEEE 802.n/b/g/n/x, Bluetooth, cellular (e.g., code-division
multiple access (CDMA), high-speed packet access
(HSPA+), global system for mobile communications (GSM),
long-term evolution (LTE), WiMax, or the like), etc.

Using the I/0 interface 503, the computer system 501 may
communicate with one or more I/0O devices. For example, the
input device 504 may be an antenna, keyboard, mouse, joy-
stick, (infrared) remote control, camera, card reader, fax
machine, dongle, biometric reader, microphone, touch
screen, touchpad, trackball, sensor (e.g., accelerometer, light
sensor, GPS, gyroscope, proximity sensor, or the like), stylus,
scanner, storage device, transceiver, video device/source,
visors, etc. Output device 505 may be a printer, fax machine,
video display (e.g., cathode ray tube (CRT), liqud crystal
display (LCD), light-emitting diode (LED), plasma, or the
like), audio speaker, etc. In some embodiments, a transcerver
506 may be disposed in connection with the processor 502.
The transceiver may facilitate various types of wireless trans-
mission or reception. For example, the transcerver may
include an antenna operatively connected to a transceiver chip
(e.g., Texas Instruments WilLink WL1283, Broadcom
BCM4750IUBS, Infincon Technologies X-Gold 518-
PMBO9800, or the like), providing IEEE 802.11a/b/g/n, Blue-
tooth, FM, global positioning system (GPS), 2G/3G HSDPA/
HSUPA communications, etc.

In some embodiments, the processor 302 may be disposed
in communication with a communication network 508 via a
network interface 507. The network interface 507 may com-
municate with the communication network 508. The network
interface may employ connection protocols including, with-
out limitation, direct connect, Ethernet (e.g., twisted pair
10/100/1000 Base T), transmission control protocol/internet
protocol (TCP/IP), token ring, IEEE 802.11a/b/g/n/x, eftc.
The commumnication network 508 may include, without limi-
tation, a direct interconnection, local area network (LAN),
wide area network (WAN), wireless network (e.g., using
Wireless Application Protocol), the Internet, etc. Using the
network interface 507 and the communication network 508,
the computer system 501 may communicate with devices
510, 511, and 512. These devices may include, without limi-
tation, personal computer(s), server(s), fax machines, print-
ers, scanners, various mobile devices such as cellular tele-
phones, smartphones (e.g., Apple 1Phone, Blackberry,
Android-based phones, etc.), tablet computers, eBook read-
ers (Amazon Kindle, Nook, etc.), laptop computers, note-
books, gaming consoles (Microsoit Xbox, Nintendo DS,
Sony PlayStation, etc.), or the like. In some embodiments, the
computer system 301 may itself embody one or more of these
devices.

In some embodiments, the processor 302 may be disposed
in communication with one or more memory devices (e.g.,
RAM 413, ROM 514, efc.) via a storage interface 512. The
storage 1nterface may connect to memory devices including,
without limitation, memory drives, removable disc drives,
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etc., employing connection protocols such as serial advanced
technology attachment (SATA), integrated drive electronics
(IDE), IEEE-1394, umiversal serial bus (USB), fiber channel,
small computer systems interface (SCSI), etc. The memory
drives may further include a drum, magnetic disc drive, mag-
neto-optical drive, optical drive, redundant array of indepen-
dent discs (RAID), solid-state memory devices, solid-state
drives, etc.

The memory devices may store a collection of program or
database components, including, without limitation, an oper-
ating system 516, user interface application 517, web browser
518, mail server 519, mail client 520, user/application data
521 (e.g., any data variables or data records discussed 1n this
disclosure), etc. The operating system 516 may facilitate
resource management and operation of the computer system
501. Examples of operating systems include, without limita-
tion, Apple Macintosh OS X, UNIX, Unix-like system distri-
butions (e.g., Berkeley Software Distribution (BSD),
FreeBSD, NetBSD, OpenBSD, etc.), Linux distributions
(e.g., Red Hat, Ubuntu, Kubuntu, etc.), IBM OS/2, Microsoit
Windows (XP, Vista/7/8, etc.), Apple 108, Google Android,
Blackberry OS, or the like. User interface 517 may facilitate
display, execution, interaction, mampulation, or operation of
program components through textual or graphical facilities.
For example, user interfaces may provide computer interac-
tion interface elements on a display system operatively con-
nected to the computer system 501, such as cursors, icons,
check boxes, menus, scrollers, windows, widgets, etc.
Graphical user interfaces (GUIs) may be employed, includ-
ing, without limitation, Apple Macintosh operating systems’
Aqua, IBM OS/2, Microsoit Windows (e.g., Aero, Metro,
ctc.), Unmix X-Windows, web interface libraries (e.g.,
ActiveX, Java, Javascript, AJAX, HITML, Adobe Flash, etc.),
or the like.

In some embodiments, the computer system 301 may
implement a web browser 518 stored program component.
The web browser may be a hypertext viewing application,
such as Microsoit Internet Explorer, Google Chrome, Mozilla
Firetox, Apple Safari, etc. Secure web browsing may be pro-
vided using HTTPS (secure hypertext transport protocol);
secure sockets layer (SSL), Transport Layer Security (TLS),
ctc. Web browsers may utilize facilities such as AJAX,
DHTML, Adobe Flash, JavaScript, Java; application pro-
gramming interfaces (APIs), etc. In some embodiments, the
computer system 501 may implement a mail server 519 stored
program component. The mail server may be an Internet mail
server such as Microsoit Exchange, or the like. The mail

server may utilize facilities such as ASP, ActiveX, ANSI
C++/C#, Microsolt .NET, CGI scripts, Java, JavaScript,

PERL, PHP, Python, WebObjects, etc. The mail server may
utilize communication protocols such as internet message
access protocol (IMAP), messaging application program-
ming interface (MAPI), Microsoit Exchange, post office pro-
tocol (POP), simple mail transier protocol (SMTP), or the
like. In some embodiments, the computer system 501 may
implement a mail client 520 stored program component. The
mail client may be a mail viewing application, such as Apple
Mail, Microsoit Entourage, Microsoft Outlook, Mozilla
Thunderbird, etc.

In some embodiments, computer system 501 may store
user/application data 521, such as the data, variables, records,
etc. as described in this disclosure. Such databases may be
implemented as fault-tolerant, relational, scalable, secure
databases such as Oracle or Sybase. Alternatively, such data-
bases may be implemented using standardized data struc-
tures, such as an array, hash, linked list, struct, structured text
file (e.g., XML), table, or as object-oriented databases (e.g.,
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using ObjectStore, Poet, Zope, etc.). Such databases may be
consolidated or distributed, sometimes among the various
computer systems discussed above 1n this disclosure. It 1s to
be understood that the structure and operation of the any
computer or database component may be combined, consoli-
dated, or distributed in any working combination.

The specification has described a method and a system for
estimating symbol timing offset in wireless communication
networks. The illustrated steps are set out to explain the
exemplary embodiments shown, and 1t should be anticipated
that ongoing technological development will change the
manner 1n which particular functions are performed. These
examples are presented herein for purposes of illustration,
and not limitation. Further, the boundaries of the functional
building blocks have been arbitrarily defined herein for the
convenience of the description. Alternative boundaries can be
defined so long as the specified functions and relationships
thereol are appropriately performed. Alternatives (including
equivalents, extensions, variations, deviations, etc., of those
described herein) will be apparent to persons skilled 1n the
relevant art(s) based on the teachings contained herein. Such
alternatives fall within the scope and spirit of the disclosed
embodiments. Also, the words “comprising,” “having,” “con-
tamning,” and “including,” and other similar forms

are
intended to be equivalent 1n meaning and be open ended 1n
that an item or 1tems following any one of these words 1s not
meant to be an exhaustive listing of such item or i1tems, or
meant to be limited to only the listed item or items. It must
also be noted that as used herein and 1n the appended claims,
the singular forms “a,” “an,” and “the” include plural refer-
ences unless the context clearly dictates otherwise.

Furthermore, one or more computer-readable storage
media may be utilized in implementing embodiments consis-
tent with the present disclosure. A computer-readable storage
medium refers to any type ol physical memory on which
information or data readable by a processor may be stored.
Thus, a computer-readable storage medium may store
instructions for execution by one or more processors, includ-
ing mstructions for causing the processor(s) to perform steps
or stages consistent with the embodiments described herein.
The term “computer-readable medium™ should be understood
to 1nclude tangible 1tems and exclude carrier waves and tran-
sient signals, 1.e., be non-transitory. Examples include ran-
dom access memory (RAM), read-only memory (ROM),
volatile memory, nonvolatile memory, hard drives, CD
ROMs, DVDs, tlash drives, disks, and any other known physi-
cal storage media.

It 1s intended that the disclosure and examples be consid-
ered as exemplary only, with a true scope and spirit of dis-

closed embodiments being indicated by the following claims.

What 1s claimed 1s:
1. A communication management computing device com-
prising: a processor coupled to a memory and configured to
execute programmed mstructions stored in the memory, com-
prising;:
a processor coupled to a memory;
the processor 1s configured to execute programmed
instructions stored 1n the memory to: converting convert
a recerved signal 1nto one or more digital samples;

decoding decode one or more symbols from the one or
more digital samples based on an estimation of one or
more symbol timing ofisets, one or more cyclic prefix
correlation peaks, and one or more cyclic prefix corre-
lation confidence levels:

decoding decode one or more frames by processing the

decoded one or more symbols; and
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obtaining obtain data from the decoded frames, wherein
the obtained data 1s to be forwarded to one or more
applications,

determine a movement speed of a user equipment associ-

ated with the communication management computing
device:

determine whether at least one of the cyclic prefix correla-

tion confidence level or the determined movement speed
of the user equipment are above a pre-defined threshold;
and

cnable symbol tracking when the at least one of the cyclic

prefix correlation confidence level or the determined
movement speed of the user equipment are above the
pre-defined threshold.

2. The device as set forth 1n claim 1, wherein the processor
1s further configured to execute programmed instructions
stored 1n the memory further comprising to:

determine whether symbol tracking 1s enabled;

compute the one or more symbol timing offset estimates

for each of the digital samples when symbol tracking 1s
enabled;

perform one or more symbol timing adjustments based on

the computed one or more symbol timing offset esti-
mates; and

compute the cyclic prefix correlation peaks and the cyclic

prefix correlation confidence levels.

3. The device as set forth 1n claim 1, wherein the processor
1s further configured to execute programmed instructions
stored 1n the memory further comprising to:

convert the decoded one or more symbols 1nto a frequency

domain for further processing, and

perform equalization on the processed one or more sym-

bols to extract data bits from the processed one or more
symbols.

4. The device as set forth 1n claim 1, wherein the processor
1s further configured to execute programmed instructions
stored 1n the memory further comprising to:

convert the decoded one or more symbols from serial to

parallel based on a number of carriers from which the
received signal 1s recerved.

5. A method for estimating symbol timing ofiset, the
method comprising:

converting, by a communication management computing,

device, a received signal mto one or more digital
samples;

decoding, by the communication management computing,

device, one or more symbols from the one or more
digital samples based on an estimation of one or more
symbol timing offsets, one or more cyclic prefix corre-
lation peaks, and one or more cyclic prefix correlation
confidence levels;

decoding, by the communication management computing,

device, one or more frames by processing the decoded
one or more symbols; and

obtaining, by the communication management computing,

device, data from the decoded frames, wherein the
obtained data 1s to be forwarded to one or more applica-
tions;

determining a movement speed of a user equipment asso-

ciated with the communication management computing
device:

determining whether at least one of the cyclic prefix cor-

relation confidence level or the determined movement
speed of the user equipment are above a pre-defined

threshold; and
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enabling symbol tracking when the at least one of the cyclic
prefix correlation confidence level or the determined
movement speed of the user equipment are above the
pre-defined threshold.
6. The method as set forth 1 claim 35, further comprising;:
determining, by the communication management comput-
ing device, whether symbol tracking 1s enabled;

computing, by the communication management comput-
ing device, the one or more symbol timing offset esti-
mates for each of the digital samples when symbol track-
ing 1s enabled;

performing, by the communication management comput-

ing device, one or more symbol timing adjustments
based on the computed one or more symbol timing offset
estimates; and

computing, by the communication management comput-

ing device, the cyclic prefix correlation peaks and the
cyclic prefix correlation confidence levels.
7. The method as set forth 1n claim 5, further comprising:
converting, by the communication management comput-
ing device, the decoded one or more symbols 1to a
frequency domain for further processing, and

performing, by the communication management comput-
ing device, equalization on the processed one or more
symbols to extract data bits from the processed one or
more symbols.

8. The method as set forth 1n claim 5 further comprising:

converting, by the communication management comput-

ing device, the decoded one or more symbols from serial
to parallel based on a number of carriers from which the
received signal 1s recerved.

9. A non-transitory computer readable medium having
stored thereon instructions for estimating symbol timing ofl-
set comprising machine executable code which when
executed by a processor, causes the processor to perform
steps comprising:

convert a recerved signal into one or more digital samples;

decode one or more symbols from the one or more digital

samples based on an estimation of one or more symbol
timing oflsets, one or more cyclic prefix correlation
peaks, and one or more cyclic prefix correlation contfi-
dence levels;

decode one or more frames by processing the decoded one

or more symbols; and

obtain data from the decoded frames, wherein the obtained

data 1s to be forwarded to one or more applications;
determine a movement speed of a user equipment associ-
ated;

determine whether at least one of the cyclic prefix correla-

tion confidence level or the determined movement speed
of the user equipment are above a pre-defined threshold;
and

enable symbol tracking when the at least one of the cyclic

prefix correlation confidence level or the determined
movement speed of the user equipment are above the
pre-defined threshold.

10. The non-transitory computer readable medium of claim
9, wherein the non-transitory medium comprises further
computer executable instructions, which, when executed on
the computing system, causes the computing system to per-
form the steps of:

determine whether symbol tracking 1s enabled;

compute the one or more symbol timing oflset estimates

for each of the digital samples when symbol tracking is
enabled;

perform one or more symbol timing adjustments based on

the one or more symbol timing offset estimates; and
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compute the cyclic prefix correlation peaks and the cyclic

prefix correlation confidence levels.

11. The medium as set forth in claim 9, wherein the
medium further comprises machine executable code which,
when executed by the processor, causes the processor to per-
form steps further comprising:

convert the decoded one or more symbols into a frequency

domain for further processing, and

perform equalization on the processed one or more sym-

bols to extract data bits from the processed one or more
symbols.

12. The medium as set forth in claim 9, wherein the
medium further comprises machine executable code which,
when executed by the processor, causes the processor to per-
form steps further comprising:

convert the decoded one or more symbols from serial to

parallel based on a number of carriers from which the
received signal 1s recerved.

G e x Gx ex
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